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Technical Assessment Report
1.0 Notification and Authorization 
Mr. William Othon, Software Architect in the Constellation Program (CxP) Software 
Engineering and Integration Group, requested that the NASA Engineering and Safety Center 
(NESC) perform an independent technical assessment of NASA Program risk mitigation through 
the use of computer-aided software engineering (CASE) tools.  The original plan contained two 
phases:
• Phase 1: Conduct a feasibility study to identify candidate solution paths to mitigate CxP 
risks.
• Phase 2: Demonstrate the processes and tools needed to provide system/software model 
analyses within and across tool sets. 
The assessment plan for Phase 1 was approved by the NESC Review Board (NRB) on January 
28, 2010.  The plan for Phase 2 was approved by the NRB on April 29, 2010, and was 
subsequently modified and approved on May 26, 2011.  Mr. Michael L. Aguilar, NASA 
Technical Fellow for Software at Goddard Space Flight Center (GSFC), was selected to lead this 
assessment.
The primary stakeholders for this assessment are Mr. William Othon for Phase 1 and Mr. Frank 
Bauer, Chief Engineer for the Exploration Systems Mission Directorate (ESMD), for Phase 2. 
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4.0 Executive Summary 
The NASA Engineering and Safety Center (NESC) was requested to perform an independent 
assessment of the Constellation Program (CxP) Risk 4421 mitigation through the use of 
computer-aided software engineering (CASE) tools.  The stakeholder was Mr. William Othon, 
Software Architect for the CxP Software Engineering and Integration Group. 
With the CxP cancellation, the assessment goals were modified to capture CASE tool usage 
lessons learned and best practices for future Programs and projects.  The primary stakeholder for 
this modified (Phase 2) effort was Mr. Frank Bauer, Chief Engineer for the Exploration Systems 
Mission Directorate (ESMD). 
4.1 Phase 1 
The CxP was tracking Risk 4421: 
“Given the inherently complex software system being developed and the large number of 
stakeholders driving requirements and capabilities, there is a possibility that overly 
complex interfaces will result which impact test, integration, and operational activities.”
The desired result from the Phase 1 effort was a recommended approach for policy, 
requirements, and/or guidance that should be applied at CxP Level 2 (L2) to ensure robust 
development of the CxP interfaces across the L2 to Level 3 (L3) boundary.  The following 
questions were expected to be answered:  
• Can the CASE tools in use by the CxP support the mitigation of this risk?   
(Assumptions and expectation in the use of the tools are untried.) 
• Does a risk exist when the mitigation depends on specific CASE tools?   
(Vendor dependency is an issue, especially for long-term support.) 
4.1.1 Could the risk CxP was tracking be mitigated given the tools, skills, process, and 
standards that were in place? 
The assessment team determined that the current state-of-the-art CASE tools are capable of 
system modeling and analysis, but the available tools would not solve the complexity risk of the 
CxP L2 and L3 interfaces.  The tools were expected to exchange models across the L2 and L3 
interfaces, but this capability has not been successfully demonstrated.  The verification of an 
exported-imported model is difficult, and the behavior of exported-imported models is not 
standardized within the Unified Modeling Language (UML) specification [ref. 1]. 
Distributed software modeling was successfully demonstrated in the James Webb Space 
Telescope (JWST) Integrated Science Instrument Module flight software development.  The use 
of identical CASE development tools was a major contributor to the success by reducing the 
model export and import issues. 
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4.1.2 Can the CASE tools in use by CxP support the mitigation of this risk? 
The assessment team explored assumptions and expectations in the use of CASE tools.  Several 
models were developed from the CxP documentation.  The assessment team demonstrated 
effective analysis and peer review of both static and executable models.  The model-building 
process exposed issues with CxP document maturity, consistency, and completeness.  The 
models were successfully developed from documents at different maturity levels.  Interfaces 
were executed and analyzed nominally and with a single fault.  The tool capability of partitioning 
and the hierarchical breakdown of state machines allowed complex concurrent processes to be 
modeled as separate, simpler models.  This allowed complex systems to be modeled as a system 
of systems (SoS), with each element modeled and verified by appropriate subject matter experts 
and then peer reviewed.  
4.1.3 Does a risk exist when the mitigation depends on specific CASE tools? 
Software vendor dependency has been an issue, especially for long-term support.  This 
assessment identified issues in tool-chain selection, interoperability, and use. 
Generically, dependency on any specific development tool and/or vendor is an issue.  Computer-
aided design (CAD), computer-aided manufacturing, aeronautical databases, and software 
libraries have similar dependency issues.  Exporting and importing databases or repositories 
requires considerable effort and verification. 
This assessment demonstrated the building of executable models from documentation and from 
the static models of another CASE tool.  This demonstration was performed manually, rather 
than through an export-to-import mechanism.  These models were limited to a specific scope and 
focused on a specific issue or question.  The assessment team determined that the selection of 
and dependence on a single tool chain, possibly from a single vendor, is the best choice when 
expecting to analyze the integration of components.   
4.2 Phase 2  
The assessment team planned to generate a final report with findings, observations, and NESC 
recommendations, as well as a model integration standard.  This interim standard was to define 
the format and content of software designs and models so that the need for rework of these 
products by collaborating organizations would be minimized.  Adherence to this standard would 
result in enhanced integration between organizations exchanging CASE products. 
However, this interim standard was not produced.  The assessment team determined that 
modification of the NASA Procedural Requirement (NPR) 7123.1A “NASA Systems 
Engineering Processes and Requirements” [ref. 2] and NPR 7150.2A “NASA Software 
Engineering Requirements” [ref. 3] to address interface issues and interface modeling issues 
would better benefit the system and software communities. 
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The rationale for not producing the interim standard was based on the following: 
• The current NASA-STD-0007 “NASA Computer-aided Design Interoperability” [ref. 4] 
was experiencing difficulty in acceptance and adoption.  It was not evident that it was 
effective. 
• Numerous successful methods were evident in the current NASA Programs and projects, 
including manual, model, and automated methods. 
• A review of the lessons learned identified a lack of defined processes and procedures to 
answer the question, “How are the system requirements at the interfaces being validated 
and verified?”
• NASA NPRs that define processes and procedures already exist and could be improved 
directly. 
The NASA Program and project life cycle, described in reference 2, provides an overall 
framework for system development but is relatively unspecific as to what should be 
accomplished in software interface management.  Each Program or project must make choices as 
to where, how, and when software interfaces are addressed, which can impact the ability to meet 
identified goals. 
NPR 7123.1A emphasizes physical interfaces.  If a software interface control document (ICD) 
exists, then it must be inferred from this NPR to be part of the interface type identified as "any 
other interface."  The assessment team recommends that the NASA Office of the Chief Engineer 
(OCE) update NPR 7123.1A to specify the formal definition of ICD to include required software 
interface requirements. 
NPR 7150.2A gives requirements on the representation of software interfaces in more detail, 
although it does not specify when these requirements must be met.  The assessment team 
recommends that the OCE update the NPR 7150.2A software interfaces requirements to specify 
exactly when the requirements must be met and what constitutes the deliverable. 
Attachment B in Appendix B of this report, “Checklist of Software Interface Management 
Activity by Life Cycle Phase,” identifies the processes required to manage software interfaces by 
phase.  Attachment A in Appendix B of this report, “Options for Software Interface Content,”
identifies the contents for interface documentation for different project types. 
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 5.0 Assessment Plan 
Mr. William Othon requested that the NESC perform an independent assessment of risk 
mitigation through the use of CASE tools.  The objective of this effort was to determine the 
capabilities of several CASE tools used by the CxP in mitigating the inherent risks in this 
complex system.  The review was to evaluate the techniques and tools required to create 
integrated cross-project software design models to provide L2 interface analysis and evaluation.  
At the time this assessment was initiated, the CxP had no direction on which model analysis  
was feasible across the CASE tools in use. 
The basis for this assessment was CxP Risk 4421: 
“Given the inherently complex software system being developed and the large 
number of stakeholders driving requirements and capabilities, there is a 
possibility that overly complex interfaces will result which impact test, 
integration, and operational activities.”
The original plan contained two phases: 
• Phase 1: Conduct a feasibility study to identify candidate solution paths to mitigate CxP 
risks.
• Phase 2: Demonstrate processes and tools needed to provide system/software model 
analysis within and across tool sets. 
The scope was modified after the CxP was cancelled and the assessment team felt that the 
lessons learned from Phase 1 should not be lost.  Therefore, Phase 2 was initiated to capture the 
CxP lessons for future Programs and projects, and Mr. Frank Bauer, ESMD Chief Engineer, was 
added as the primary stakeholder. 
The Phase 2 activities included: 
• Demonstrate the processes and tools needed to provide system/software model analysis 
within and across tool sets. 
• Capture the CxP lessons learned in the NESC final report. 
• Develop interim standard document, “NASA Computer-aided Software Engineering 
Integration.”
• Model this standard using the current NASA-STD-0007, “NASA Computer-aided 
Design Interoperability.”
• Establish the format and content of designs and models so that rework of these 
products by collaborating organizations is minimized.  Adherence to this standard 
will result in enhanced integration between organizations exchanging CASE 
products.
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The Phase 2 assessment plan was modified as a result of: 
• The loss of the assessment’s primary stakeholder when the CxP was cancelled. 
• NESC funding availability. 
• Higher priority efforts involving a number of key assessment team members. 
• Increased external contracting of software and subsystems, which challenges 
oversight of design and development. 
The NESC formed an assessment team with relevant expertise to review the CxP CASE tools.   
This assessment team consisted of Agency subject matter experts with systems perspective to 
develop a recommended approach for policy, requirements, and/or guidance that could be 
applied at CxP L2 to ensure robust development of L2-to-L3 boundary interfaces. 
6.0 Phase 1 
6.1 Phase 1: Data Analysis  
Phase 1 involved the following activities: 
1. Survey of the tools and processes used by the CxP Orion and Ares teams, the JWST 
Program, and Lockheed Martin. 
2. Examination of the relevant experiences with the use of these tools at lower level projects 
(i.e., CxP L3: Orion and Ares). 
3. Determination of whether the state-of-the-art CASE tools could simplify definition and 
design of the CxP L2 interfaces. 
4. Identification of issues and gaps in the ICD and design documentation. 
5. Identification of issues and successes associated with the use of these tools. 
6. Development of a list of major findings, observations, and NESC recommendations. 
After surveying the maturity of the document set and the CASE tool modeling efforts, the 
assessment team focused on demonstration of the strengths and weaknesses of the modeling 
tools.  Assumptions about how the CxP expected these tools and models to mitigate the complex 
interface issues were assessed against tool capabilities.  Modeling and analysis within one CxP 
development team was shown to be highly successful where all interfaces were within the scope 
of the single model.  Modeling and analysis across team boundaries was successful in 
discovering interface errors between the teams, as long as the teams supported model sharing in 
the development plans and processes.  Modeling across the CxP contractor team boundaries was 
not possible to demonstrate; no plan or process existed to support model exchange, export, and 
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import between disparate CASE tools, and the veracity of model importing and exporting 
between tools could not be determined. 
During Phase 1, demonstrations of CASE tool capabilities were conducted.  Translations from 
the CxP documentation to executable models were performed to demonstrate the analysis 
capabilities of the executable model.  For example, in Figure 6.1-1, the communication protocol 
between the Orion and Ares projects was modeled and analyzed. 
Figure 6.1-1.  Example of Document to Executable Model Development 
In another demonstration, static models developed in one CASE tool were translated into 
executable models using another CASE tool.  For example, in Figure 6.1-2 the launch 
countdown timeline was modeled as activities, external states, and vehicle states.  The executable 
model was then analyzed. 
ORIONARES
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Figure 6.1-2.  Example of Model to Executable Model Development 
6.2 Phase 1: Reporting 
A summary of the Phase 1 accomplishments is contained in Appendix A.  The findings, 
observations, and NESC recommendations resulting from Phase 1 are given in  
Section 8.1. 
7.0 Phase 2 
7.1 Phase 2: Data Analysis 
Phase 2 included the following activities: 
1. Identification of pivotal reports in the literature. 
2. Identification of necessary conditions for successful software integration. 
3. Identification of software integration issues associated with various aspects of SoS 
development. 
4. Review of the CxP lessons learned. 
5. Review of state of the practice in model-centric engineering. 
6. Selection of lessons learned and best practices that address the identified issues. 
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7. Identification of NASA requirements and standards that need to address these best 
practices and issues. 
Phase 2 dealt mainly with a survey of the CxP lessons learned.  Current practices were reviewed 
(see the 65 references listed in Appendix B).  The selection process identified software interfaces 
as the most viable point to manage software complexity. 
The essence of software development is “divide and conquer.”  A Program is partitioned into 
smaller projects, which in turn breaks problems into smaller parts.  Each of these smaller 
problems is broken down until the problem can be solved with source code. 
The assessment team developed a checklist of software interface activities to perform over the 
full systems engineering life cycle, which is contained in Attachment B of Appendix B.  This 
checklist is summarized as: 
• Problem definition 
• Design 
• Integration 
• Verification and validation (V&V) 
• Concept studies 
• Concept and technology development 
• Preliminary and final design 
• System assembly, integration, test, and launch 
• Operations, sustainment, and closeout 
The assessment team developed a set of example software interface document contents to 
support life cycle activities, which is given in Attachment A of Appendix B. 
The assessment team considered the implications of the developing state of the art in model-
centric engineering.  The complexity of software development surpasses the capabilities of 
capturing the interfaces in a set of documents, spreadsheets, and illustrations.  The current CASE 
tools can capture interface details and behavior across interfaces with capabilities beyond printed 
documentation.
7.2 Phase 2: Reporting 
A summary of work accomplished in Phase 2 is contained in Appendix B.  The findings, 
observations, and NESC recommendations resulting from Phase 2 are given in  
Section 8.2. 
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8.0 Findings, Observations, and NESC Recommendations 
The findings, observations, and NESC recommendations are presented according to assessment 
phase. 
8.1 Phase 1 
8.1.1 Phase 1 Findings 
The following findings were identified during Phase 1: 
F-1. No single tool-chain was selected by the CxP Ares project.  Each subproject used its own 
tools.  (See Section A-4.4 in Appendix A.) 
F-2. No single software modeling standard was selected by the CxP Ares project.  Each 
subproject defined its own standards.  (See Section A-4.4 in Appendix A.) 
F-3. CxP teams used tools that could not enforce consistency or establish traceability among 
different CASE models.  (See Section A-4.6.3 in Appendix A.) 
F-4. Teams used tools that could not establish traceability among software artifacts to the 
level of detail necessary to track changes across interfaces.  (See Section A-3.2.1 in 
Appendix A.) 
F-5. CxP teams used CASE tools that were not fully integrated to support the software life 
cycle.  (See Section A-4.3 in Appendix A.) 
F-6. Software design models (e.g., ICDs, software design documents (SDDs)) were often not 
available in an analyzable form.  Diagrams were created using tools such as Microsoft®
PowerPoint®, Microsoft® Visio, and Dia.  (See Section A-4.4 in Appendix A.) 
F-7. Some subprojects failed to provide the developers with timely access or sufficient 
training.  (See Section A-4.4.1.3 in Appendix A.) 
F-8. Not all of the tools used for modeling could support model simulation or animation  
(e.g., Microsoft® PowerPoint®, Microsoft® Visio, and Enterprise Architect (EA)).   
(See Section A-2.1 in Appendix A.) 
8.1.2 Phase 1 Observations 
The following observations were identified during Phase 1: 
O-1. Problems existed with communication, model sharing, and reuse among different  
teams due to lack of model plan and processes.  (See Sections A-4.4 and A-4.7.5 in  
Appendix A.) 
O-2. Inconsistencies existed between model artifacts from different tools (e.g., an SDD or ICD 
could contain different/inconsistent diagrams).  (See Sections A-3.2 and A-4.2 in 
Appendix A.) 
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O-3. It was difficult to establish traceability between different artifacts (e.g., requirements and 
design elements).  (See Sections A-4.3 and A-4.7.2.1 in Appendix A.) 
O-4. Advanced V&V tools could not be applied to models early in the life cycle, where 
requirement or design bugs could go unnoticed until the implementation and testing 
stages.  (See Section A-4.3.2 in Appendix A.) 
O-5. It was difficult to assess whether there were gaps in the overall design or the 
requirements.  (See Section A-5.1.4 in Appendix A.) 
O-6. Keeping consistency and maintaining traceability was a manual and time-consuming 
process.  (See Section A-4.4 in Appendix A.) 
O-7. Team members continued using different diagrams and models generated by numerous 
tools, often with different semantics, preventing an integrated design of components.  
(See Section A-4 in Appendix A.) 
O-8. Tool capabilities were not fully exploited (e.g., requirements management and 
traceability could have been managed by the CASE tool, or model validation rules could 
have been defined).  (See Section A-4.5 in Appendix A.) 
O-9. The inability to simulate or animate models was a source of uncertainty and ambiguity, 
particularly during reviews where behavioral models were inspected.  (See Section A-4.4 
in Appendix A.) 
8.1.3 Phase 1 NESC Recommendations 
The following NESC recommendations were directed to the CxP and were presented to the CxP 
modeling team.  As a result of the cancellation of the CxP during Phase 1, the following NESC 
recommendations were redirected to Mr. Frank Bauer, ESMD Chief Engineer: 
R-1. Use CASE tools for model-driven software development as part of an integrated tool-
chain that supports the entire software life cycle.  (F-1, F-3, F-4, F-5, O-1, O-2, O-3,  
O-5, O-6, O-7)
R-2. Establish processes, metrics, and a set of standards, guidelines, and best practices for 
effective model-driven software development.  (F-2, O-1, O-2, O-7)
R-3. Use a tool-chain that supports consistency and traceability between different artifacts.  
(F-2, F-3, F-4, O-2, O-3, O-5, O-6) 
R-4. Use tools that allow the user to create and maintain models in an analyzable form.  
(F-6, F-8, O-2, O-4, O-5, O-6, O-9)
R-5. Reduce uncertainty and ambiguity by using executable models that provide animation 
and simulation. (F-8, O-2, O-4, O-5, O-9)
R-6. Train personnel in the effective use of CASE tools. (F-7, O-1, O-7, O-8)
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8.2 Phase 2 
8.2.1 Phase 2 Findings 
The following findings were identified during Phase 2: 
F-9. NPR 7123.1A emphasizes physical interfaces, with little emphasis on software interfaces. 
(See Section B-1.5.3 in Appendix B.) 
F-10. NPR 7150.2A gives requirements on representation of software interfaces in  
more detail, although it does not specify when the requirements must be met.  (See  
Section B-1.5.3 in Appendix B.) 
F-11. Experience with the CxP revealed that Program-level integration suffered from the lack 
of timely and accurate design descriptions, especially in support of key milestone 
reviews.  (See Section B-2.1.1.1 in Appendix B.) 
F-12. The Soil Moisture Active Passive (SMAP) project source material contained 
inconsistencies that were discovered using models.  (See Section B-2.1.1.4 in  
Appendix B.) 
F-13. Having multiple teams working on a common system model encouraged agreement on 
terminology and logical decomposition.  (See Section B-2.1.1.4 in Appendix B.) 
F-14. The SMAP project used a system model to describe spacecraft system interfaces in 
various levels of refinement, ranging from a subsystem- to a low-level view focused on 
electrical system connections.  (See Section B-2.1.2.3 in Appendix B.) 
F-15. The European Southern Observatory (ESO) is producing ICDs based on a system model.  
(See Section B-2.1.2.3 in Appendix B.) 
F-16. The European Space Agency (ESA) uses functional system interface simulators and  
end-to-end behavior for design and performance verification, as well as subsystem and 
payload V&V.  (See Section B-2.1.2.3 in Appendix B.) 
F-17. The Florida Institute of Technology is training students to develop a model-based 
systems engineering (MBSE) flight system model focusing on electrical systems 
interfaces, with follow-on projects planned, advancing into to full project deliverables 
leading to a CubeSat launch.  (See Section B-2.1.2.3 in Appendix B.) 
F-18. The Exploration Development Integration Office is using integrated functional analysis to 
describe interfaces, off-nominal situations, aborts, hazards, and safety and mission 
assurance issues, including interfaces for all mission configurations.  (See  
Section B-2.1.2.3 in Appendix B.) 
F-19. The Extravehicular Activity (EVA) project is modeling the interfaces on EVA space 
suits.  (See Section B-2.1.2.3 in Appendix B.) 
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F-20. The Integrated Power Avionics and Software (iPAS) project is using MBSE to specify 
interfaces of components in their "Common Vehicle Architecture" catalog.   
(See Section B-2.1.2.3 in Appendix B.) 
F-21. The CxP Orion System Architecture Model included vehicle interface and interconnect 
definitions.  (See Section B-2.1.2.3 in Appendix B.) 
F-22. The CxP encountered problems with a bottom-up design that caused ICDs to focus on 
low-level details, creating unnecessary duplication across ICDs and interface 
requirements documents.  (See Section B-2.1.2.4 in Appendix B.) 
F-23. The ESA has been pursuing the capability for concurrent engineering in a 
multidisciplinary environment, with the goals of integrating customer, engineering team, 
tools, project data, and mission and system models and enabling simultaneous 
participation of all mission domains, including cost engineering, risk analysis, 
programmatics, operations, CAD, and simulation.  (See Section B-2.1.3.1 in  
Appendix B.) 
F-24. The CxP attempted to develop a detailed (roll-up) integrated mission timeline in the 
preliminary design review timeframe from a number of system-specific timelines, which 
found various inconsistencies.  (See Section B-2.1.3.1 in Appendix B.) 
F-25. iPAS provided a standardized environment for hardware/software evaluation and test.  
(See Section B-2.1.3.3 in Appendix B.) 
F-26. A current capability of one NASA model pulls together Space Launch System  
functions (modeled in EA) to the Exploration Systems Directorate capabilities  
(modeled in 3SL Cradle) to create an up-to-date integrated functional analysis report.  
(See Section B-2.1.4.2 in Appendix B.) 
F-27. The CxP established numerous compartmentalized sites for access to various tools,  
data directories, and technical review repositories, each with local access rules.   
(See Section B-2.2.3 in Appendix B.) 
F-28. The CxP encountered difficulty with nested interfaces at the top level resulting loss of 
information in the high-level models, which made it impossible to relate the lower level 
interfaces to higher level requirements.  (See Section B-3.1.1.5 in Appendix B.) 
F-29. The CxP’s fractionated efforts at modeling and conversion into artifacts led to numerous
engineering incompatibilities.  (See Section B-3.1.5 in Appendix B.)  
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8.2.2 Phase 2 Observations 
The following observations were identified during Phase 2: 
O-10. The use of machine-usable models creates major possibilities not accessible to  
non-model-based engineering, specifically:   
x Checking models for certain types of completeness, consistency, and accuracy. 
x Exchanging information between models and modelers.  
x Maintaining consistency between models by identifying and correcting 
inconsistencies and by efficiently propagating changes. 
x Deriving system characteristics (e.g., performance, behavior, resource usage, and/or 
cost). 
(See Section B-1.4 in Appendix B.) 
O-11. The NASA project life cycle requires a preliminary awareness of software by the mission 
concept review and a substantial awareness—to the point of knowing what software 
needs to be acquired and managed for configuration—by the software requirements 
review.  (See Section B-1.5.3 in Appendix B.) 
O-12. Using models, software interfaces may be identified at higher levels in the system 
hierarchy than the level at which they are eventually implemented.  (See Section B-1.6.6 
in Appendix B.) 
O-13. It is necessary to demonstrate the benefits of system modeling through: 
x Simulation, validation, and model transformation 
x Reuse of design elements 
x Ability to generate multiple artifacts (e.g., documentation, code) 
x Model transformations that allow use of capabilities of different tools 
x Consistency and correctness across artifacts (e.g., documents, models, products) 
(See Section B-2.1.1.4 in Appendix B.) 
O-14. Modeling fault conditions and off-nominal scenarios is an area of needed research.   
These models need to include hardware, software, and human factors components.   
(See Section B-2.1.3.1 in Appendix B.) 
O-15. No examples of practical work that include the integration of system models, control 
engineering models, and control software models were identified based on a state 
analysis paradigm.  This modeling integrates flight mechanics, GN&C, hardware, 
software and other disciplines that deal with real-time control performance issues.   
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Little has been done trying to model the “as-built” performance before implementation. 
(See Section B-2.1.3.5 in Appendix B.)  
O-16. De-scoping MBSE tool capabilities and environments can cause failures in the modeling 
and tool usage.  (See Section B-2.1.5.4 in Appendix B.) 
O-17. Using models, black-box interactions can be defined between a system and its 
environment or between system timelines.  (See Section B-3.1.1.1 in Appendix B.) 
O-18. The black-box models can be tested against parties in the environment by simulating 
system activity.  (See Section B-3.1.3 in Appendix B.) 
O-19. A CxP lesson learned was to avoid fractionated efforts at modeling and conversion  
into artifacts because of the engineering incompatibilities.  (See Section B-3.1.5 in  
Appendix B.) 
O-20. Model-based training should be tailored to need and usage.  (See Section B-3.1.5 in 
Appendix B.) 
O-21. Software system functions (e.g., shutdown, start-up, and fault management functions) 
should be derived, modeled, and analyzed.  (See Section B-3.3.4 in Appendix B.) 
O-22. The use of an industry-recognized standard for system interfaces reduces the complexity 
of the interface model.  (See Section B-3.3.7 in Appendix B.) 
O-23. Configuration management must handle coordination and synchronization between 
higher and lower level models and interfaces.  (See Section B-4.3 in Appendix B.) 
O-24. The ESO observed that consistency and correctness across artifacts is a significant driver 
on the cost of verification.  (See Section B-4.4 in Appendix B.) 
O-25. The completeness, correctness, and clarity of the interface requirements on the SoS level 
can be evaluated, along with emergent characteristics associated with external and 
internal software interfaces, using analyzable models.  (See Section B-4.4 in  
Appendix B.) 
8.2.3 Phase 2 NESC Recommendations 
The following NESC recommendations are directed to the ESMD Chief Engineer:  
R-7. Update NPR 7123.1A to specify the formal definition of ICDs to include the details 
required of software interfaces.  (F-9, F-11, F-22, F-27, F-28)
R-8. Update the software interfaces requirements in NPR 7150.2A to specify exactly what and 
when the interface requirements must be met.  (F-9, F-10, F-11, F-22, F-27, F-28, F-30, 
O-11, O-12) 
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R-9. Update NPR 7150.2A software interfaces requirements to incorporate Attachments A and 
B from Appendix B of this report.  (F-9, F-10, F-11, F-22, F-27, F-28, O-11, O-12)
9.0 Alternate Viewpoint 
There were no alternate viewpoints identified during the course of this assessment by the NESC 
team or the NRB quorum. 
10.0 Other Deliverables 
No unique hardware, software, or data packages, outside those contained in this report, were 
disseminated to other parties outside this assessment.  All model analysis resulting in the 
possibility system errors in design were shared with CxP during Phase 1. 
11.0 Lessons Learned 
No applicable lessons learned were identified for entry into the NASA Lessons Learned 
Information System (LLIS) as a result of this assessment. 
12.0 Recommendations for NASA Standards and Specifications 
See the Phase 2 NESC recommendations in Section 8.2.3. 
13.0 Definition of Terms  
CASE Tool Provides automated assistance for software development. 
Corrective Actions Changes to design processes, work instructions, workmanship practices, 
training, inspections, tests, procedures, specifications, drawings, tools, 
equipment, facilities, resources, or material that result in preventing, 
minimizing, or limiting the potential for recurrence of a problem.  
Executable Model Models with a behavioral specification precise enough to be effectively 
executed and analyzed 
Finding A relevant factual conclusion and/or issue that is within the assessment 
scope and that the team has rigorously based on data from their 
independent analyses, tests, inspections, and/or reviews of technical 
documentation.
Lessons Learned Knowledge, understanding, or conclusive insight gained by experience 
that may benefit other current or future NASA Programs and projects.  
The experience may be positive, as in a successful test or mission, or 
negative, as in a mishap or failure. 
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Observation A noteworthy fact, issue, and/or risk, which may not be directly within the 
assessment scope, but could generate a separate issue or concern if not 
addressed.  Alternatively, an observation can be a positive 
acknowledgement of a Center/Program/Project/Organization’s operational
structure, tools, and/or support provided. 
Problem The subject of the independent technical assessment. 
Proximate Cause The event(s) that occurred, including any condition(s) that existed 
immediately before the undesired outcome, directly resulted in its 
occurrence and, if eliminated or modified, would have prevented the 
undesired outcome. 
Recommendation A proposed measurable stakeholder action directly supported by specific 
Finding(s) and/or Observation(s) that will correct or mitigate an identified 
issue or risk. 
Root Cause One of multiple factors (events, conditions, or organizational factors) that 
contributed to or created the proximate cause and subsequent undesired 
outcome and, if eliminated or modified, would have prevented the 
undesired outcome.  Typically, multiple root causes contribute to an 
undesired outcome. 
Supporting Narrative A paragraph, or section, in an NESC final report that provides the detailed 
explanation of a succinctly worded finding or observation.  For example, 
the logical deduction that led to a finding or observation; descriptions of 
assumptions, exceptions, clarifications, and boundary conditions.  Avoid 
squeezing all of this information into a finding or observation 
UML Used to graphically specify, visualize, and document models of software 
systems. 
14.0 Acronyms List 
ARC  Ames Research Center 
CAD  Computer-aided Design 
CASE  Computer-Aided Software Engineering 
CxP  Constellation Program 
EA  Enterprise Architect 
ESMD  Exploration Systems Mission Directorate 
ESO  European Southern Observatory 
EVA  Extravehicular Activity 
GSFC  Goddard Space Flight Center 
ICD  Interface Control Document 
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IMCE  Integrated Model-centric Engineering 
iPAS  Integrated Power Avionics and Software 
JPL  Jet Propulsion Laboratory 
JSC  Johnson Space Center 
JWST  James Webb Space Telescope 
L2  Level 2 
L3  Level 3 
LaRC  Langley Research Center 
MBSE  Model-Based Systems Engineering 
MSFC  Marshall Space Flight Center 
NASA  National Aeronautics and Space Administration 
NESC  NASA Engineering and Safety Center 
NPR  NASA Procedural Requirement 
NRB  NESC Review Board 
OMG  Object Management Group 
SDD  Software Design Document 
SMAP  Soil Moisture Active Passive 
SoS  System of Systems 
UML  Unified Modeling Language 
V&V  Verification and Validation 
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16.0 Appendices  
Appendix A. Phase 1 Report 
Appendix B. Phase 2 Report 
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